Background: Available data suggest that body dissatisfaction is common during pregnancy and may even be a precursor to post-natal depression. However, in order to accurately identify at-risk women, it is essential to first establish that body image measures function appropriately in pregnant populations. Our study examines the suitability of the Body Attitudes Questionnaire (BAQ) for measuring body dissatisfaction among pregnant women by comparing the psychometric functioning of the BAQ: (1) across key phases of pregnancy, and (2) between pregnant and non-pregnant women.
Background
Body image is a broad term used to capture the cognitive, affective, behavioural, and perceptual aspects of one's experience of her/his body [1] . Body dissatisfaction is one facet of body image relating to the degree of dissatisfaction with particular aspects of the body [2] . Body dissatisfaction is common in the general population [3] , and appears to be more prevalent among women than men [4, 5] . Prominent theories, such as Objectification Theory [6] and Tripartite Influence Model [7] , argue that appearance-related socio-cultural values foster body image disturbances by strongly promoting an idealized physiquethin and toned for women and a lean, muscular shape for menthat departs markedly from the average physique, and which is unrealistic for most individuals to attain [8] .
These models of body dissatisfaction derive largely from samples of females aged 18-25 [8] , although there is increasing sampling of early and pre-adolescent cohorts in order to confirm the purported origins of body image issues [9, 10] . However, studies of other subgroups in which the human body undergoes considerable change, such as pregnant women, may provide further insights into the development and maintenance of body dissatisfaction. Pregnancy is characterised by significant physiognomic and psychosocial changes, such as hormonal fluctuations, the experience of pregnancyrelated physical symptoms and changes to one's appearance (e.g., rapid weight gain, nausea, back ache, varicose veins, stretch marks, acne, and swollen ankles and feet), and changing relationship dynamics with partner, family, and friends [11] . Given that during pregnancy a woman's body increases in size, her body shape changes, and pregnancy-related physical symptoms become more pronounced, women who retain societal standards of appearance are likely to experience increased body dissatisfaction. The extent to which pregnant women are able to reject the thin ideal and/or adopt more realistic appearance-related values during pregnancy may explain maintenance or reduction in body dissatisfaction. Hence, compared to other times in women's lives when body shape remains relatively stable, pregnancy may allow for a more powerful test of the factors leading to body dissatisfaction [11] .
Although accumulated research findings clearly suggest that body image concerns are prevalent in pregnant women [12] [13] [14] , findings have been mixed regarding whether the severity of such concerns are equivalent to or greater than in non-pregnant cohorts [9] . One cause of these mixed results is over-reliance on general samples of pregnant women, without due consideration of how body image concerns may change across the phases of pregnancy. There is a surfeit of cross-sectional studies, making it difficult to delineate substantive differences in body image disturbances across pregnancy from sample-specific differences and sampling error. Findings from the few longitudinal studies that have tracked body image issues across pregnancy suggest that body image concerns may peak in early pregnancy and again in post-partum, and that there may be a period of relative satisfaction during mid to late pregnancy [12, 13, 15, 16] . It is also evident that the salience of body shape and size is heightened in early pregnancy relative to late pregnancy [12, 13] and women feel stronger, fitter, and less fat later in pregnancy compared with early pregnancy [12, 13, 16] .
The veracity of these and similar findings may also be undermined by reliance upon body image scales that have been validated for use in non-pregnant rather than pregnant populations [11] . Any potential group difference (or indeed failure to find a group difference) in body dissatisfaction may be attributed to one or more of the following sources: (1) measurement error; (2) response style differences across cohorts; (3) qualitative differences in the meaning of the underlying construct; or (4) substantive differences in the construct. While researchers often assume that differences are of a substantive nature (particularly when internal consistency, test-retest, and predictive validity estimates are satisfactory), without further testing we cannot rule out the influence of measurement biases (i.e., reasons 1-3) [17] .
One method to investigate this issue is the statistical technique of measurement invariance. This can be used to disambiguate the joint effects of measurement biases and substantive differences that are evident between different populations who use the same measure [18] . This approach evaluates the presence of four common forms of measurement bias: (1) factor structure (does the scale have the same number of underlying factors across groups?); (2) factor loadings (does the scale convey the same meaning across groups?); (3) item intercepts (do groups differ in their response profiles, for instance, does one group exhibit a more acquiescent response style?), and (4) item residual variances (is item true score measurement more reliable in one group than another?). Unless it has been demonstrated that the scale is free of any of these forms of measurement bias, one may question the validity of conclusions about substantive group differences [18] .
Aims and rationale
Despite the importance of ensuring measurement equivalence before testing for group differences in a given construct, the suitability of available measures of body dissatisfaction for use in pregnant populations has yet to be evaluated empirically. Therefore, the present study used the Body Attitudes Questionnaire [19] to address the following two key research questions:
1) Does the scale function equivalently across three time points in pregnancy? 2) Does the scale function equivalently for pregnant and non-pregnant women?
The BAQ is one of the most commonly used measures of body dissatisfaction among pregnant women because it comprises four subscales of dissatisfaction that are, at face value, relevant for this population: feeling fat, strength and fitness, salience of weight and shape, and attractiveness [11] . However, in light of the noted physiognomic and psychological changes that manifest in pregnancy, it is likely that the constructs measured by the BAQ will take on a different meaning across the various phases of pregnancy. Therefore, it is predicted that the BAQ will exhibit non-invariance across pregnancy and also in comparisons between pregnant and non-pregnant women. . Although pregnant women were more likely to have exercised in the past month (89.6% versus 70%; χ (df =1) 2 = 19.76, p < .001, Cramer's V = .17), the amount and type of exercise they engaged in were less extreme (see Table 1 ).
The majority of the sample was university educated; 37.3% of non-pregnant women and 42.6% of pregnant women had a bachelor's degree, while a further 23.3% of non-pregnant women and 16.6% pregnant women had postgraduate qualifications. Furthermore, most of the non-pregnant women and pregnant women during the first trimester were employed (76% versus 76.8%).
There was a significant difference in the relationship status of non-pregnant and pregnant women in the present study; χ (df =4) 2 = 72.17, p < .001, Cramer's V = .33. Seventy-five percent of pregnant women were married, 22.5% were in a de facto relationship, and 2.2% were never married/single. In contrast, 40% of the nonpregnant women were married, 34.7% were never married/single, 20% were in a de facto relationship, 3.3% were separated from their spouse, and 2% were widowed or divorced. Likewise, there was a difference in number of children (excluding current pregnancy for pregnant cohort); χ (df =4) 2 = 22.45, p < .001, Cramer's V = .19. As shown in Table 1 , pregnant women were more likely than non-pregnant women to have multiple children (specifically, 1 or 2 children).
The non-pregnant cohort were more likely to have a history of mental illness (46.7% versus 35.2%); χ (df =1) 2 = 5.68, p < .05, Cramer's V = .09. However, the only psychological condition to differentiate between the two groups was history of eating disorders (see Table 1 ).
Measures
Demographic questions were used to assess participants' age, place of birth, relationship status (married/single/de facto, etc.), number of children, employment status, education, exercise habits, history of mental illness, and height and weight (to calculate BMI).
The following four subscales from the Body Attitudes Questionnaire [19] that are most suitable for pregnant women were used to assess self-perceived appearance and bodily function: (1) feeling fat (e.g., 'I feel fat when I can't get clothes over my hips'); (2) strength and fitness ('I quickly get exhausted if I overdo it'); (3) salience of weight and shape ('I spend a lot of time thinking about my weight'), and (4) attractiveness ('People hardly ever find me sexually attractive'). Items were rated on a 5-point Likert-type scale ranging from 1 (definitely disagree) to 5 (definitely agree). Items were scored so that higher scores reflect greater attractiveness, feeling fat, salience of appearance, and strength/fitness. Ben-Tovim and Walker demonstrated the factorial validity and internal consistency (α = .87 for full scale) of the BAQ, and showed that scores on these subscales were stable over a four-week test-retest period (r = .64 for salience of weight and shape to r = .91 for feeling fat) in a non-clinical sample of hospital employees and students [19] . Similarly, Skouteris and colleagues demonstrated internal consistency and stability in BAQ subscales across three time points during pregnancy: Time 1 (16-23 weeks), Time 2 (24-31 weeks) and Time 3 (32-39 weeks). The internal consistency estimates (averaged over the three time points) ranged from .70 (strength and fitness) to .88 (feeling fat), whereas the averaged test-retest reliability estimates ranged from .64 (salience of weight and shape) to .77 (feeling fat) [16] .
In the present study, reliability estimates were acceptable for both pregnant and non-pregnant participants. For non-pregnant women, Cronbach's alpha values were .92 (feeling fat), .80 (attractiveness), .84 (salience), and .81 (strength/fitness). Internal consistency estimates were slightly lower for pregnant women: .62 -.69 (attractiveness), .91 -.93 (feeling fat), .75 -.81 (salience), and .76 -.79 (strength/fitness). However, scores on these subscales were quite stable across the three time points for pregnant women: .66 -.80 (attractiveness), .69 -.77 (feeling fat), .65 -.73 (salience), and .67 -.74 (strength/fitness).
Procedure
Permission to undertake the study was obtained from the Deakin University Ethics Committee. Pregnant participants were primarily recruited through advertisements in parenting magazines and general media advertising; however, mother, child, and baby forums and obstetrician clinics were also targeted. To recruit the non-pregnant subsample, we used social media sites and general media advertising. These advertisements invited women to participate in a study examining body image in women; advertisements targeting pregnant women specified that we were interested in tracking body image among pregnant women across three time points of pregnancy. Women who registered interest in the study were mailed a hard copy of the questionnaire with a reply paid envelope (T1). Pregnant women were recruited at or after 16 weeks gestation. This standardised time period allowed for women to learn about their pregnancy, consider the pregnancy certain (since the threat of miscarriage has subsided) and to then participate at regular 8-week time points.
The same questionnaire (minus questions about relationship status, number of children, exercise habits, history of mental illness, country of birth, and educational attainment) was mailed again to pregnant women 8 weeks later at approximately 24 weeks (T2) and again 8 weeks later at approximately 32 weeks (T3) of their pregnancy. Questionnaires for pregnant women were coded in order to link data across the three waves of data collection for each woman.
Data analytic strategy
Data were analysed in Mplus 6.1, using robust (meanand variance-adjusted) maximum likelihood estimation (MLMV) for continuous indicator variables. These estimators are robust to issues of non-normality [20] . Missingness (less than 5% overall) was handled using maximum likelihood estimation under the assumption that data were missing at random (MAR) [21] .
Given that comparisons of BAQ subscales across the stages of pregnancy constitutes a repeated measures design, a single augmented means and covariance matrix approach was undertaken in which items were correlated across time to control for non-independence of scores from T1 to T3. In the event that full measurement invariance was established for these three time points, non-pregnant women were to be compared against T1 (M = 16.66 weeks gestation, SD = .89) data since this was the only time point without missing data and, therefore, would not require imputation for missing values. However, as we were unable to establish measurement invariance across time (see below), nonpregnant women were instead compared to each separate time point to see if measurement invariance could be established between non-pregnant and pregnant women at any of the stages of pregnancy. Comparisons between pregnant and non-pregnant women were conducted using multi-group confirmatory factor analysis. Adequacy of baseline model fit (i.e., the factor structure without imposition of cross-temporal or crossgroup equality constraints on parameters) was examined using the following criteria: Comparative Fit Index (CFI > .95 for good fit, > .90 for adequate fit), Root Mean Square Error of Approximation (RMSEA; RMSEA ≤ .06 for good fit, RMSEA < .08 for adequate fit), and Standardized Root Mean Square Residual (SRMR; SRMR < .05 for good fit, SRMR < .08 for adequate fit) [22, 23] .
Once adequate model fit was established for each group or time point separately, four increasingly stringent invariance assumptions were tested in sequence, starting with the least restrictive model. The first model (configural invariance) required that items loaded onto the same factors across data sets, but allowed item parameters (factor loadings, residual variances, and intercepts), factor variances, and latent means to vary across groups or time. In the second model (weak invariance), equality constraints across groups (or time points) were applied to factor loadings and model fit was re-evaluated. Evidence of adequate fit for this model ensures that a given factor has the same meaning across groups (or time) [18] . Strong invariance (model three) involved constraining item intercepts to equality across groups (or time) to evaluate potential for systematic bias in responses from one group to another (or from one time point to another). If the assumptions of strong invariance held, then an additional equality constraint was to be placed on residual variances (model fourstrict invariance). This last step ensures that group (or timerelated) differences obtained from comparisons of item composite scores (i.e., summing and averaging across individual items) can be attributed to substantive differences on the construct and are not due to differences in proportion of error variance in item-level scores.
Measurement invariance is statistically evaluated by calculating differences in fit indices (typically, Δχ 2 , ΔCFI, etc.) between reference and comparison models. The target model is typically compared against a less restrictive model (e.g., comparing model one versus the baseline model). As χ 2 is sensitive to sample size and also to minor departures from normality [24, 25] , some researchers advocate the use of practical changes in model fit, using one of several comparative fit measures (e.g., CFI or TLI) [26] . The present study used ΔCFI > .01 to indicate practical change in fit from one model to the next, as recommended by Cheung and Rensvold [26] . Model comparison terminated if equality constraints led to practical change in CFI values.
To the extent that one of the proposed models did not adequately fit the data, the researchers examined modification indices to determine sources of variance across groups and freed the equality constraint for that particular parameter. If this revised model is shown to have adequate model fit, it may be concluded that the measure exhibits partial invariance [18, 27] .
Results

Tests of invariance across pregnancy
As shown in Table 2 , each of the BAQ subscales (with the exception of the feeling fat subscale) was adequately represented by a uni-dimensional model. Examination of the modification indices suggested that the feeling fat subscale could be divided into two related subscales for our pregnant subgroup: (1) fatclothing specific (items 5, 14, 19, 42, and 44). As the two factor model of the feeling fat subscale also provided a significantly better fit than the uni-dimensional model for non-pregnant women (as covered in the next subsection), subsequent measurement invariance tests of the feeling fat subscale separated the items into these two identified subcomponents. The imposition of equality constraints on factor loadings over time produced minimal change in CFI values (all ΔCFIs < .01), suggesting that the subscales retained the same meaning across the three phases of pregnancy. However, additional equality constraints on item intercepts led to non-ignorable changes in CFI values: ΔCFI = .014 for feeling fat-general, ΔCFI = .018 for feeling fatclothing specific, ΔCFI = .067 for attractiveness, ΔCFI = .019 for salience, and ΔCFI = .019 for strength and fitness. Cross-temporal invariance tests were terminated at this step. Differences in item intercepts across time are presented in Additional file 1.
Comparison between pregnant and non-pregnant women
As the subscales of BAQ were non-invariant across the phases of pregnancy, comparisons with non-pregnant women were made at each time point separately. However, it was important to first ensure that factor structure suggested by Ben-Tovim and Walker [19] could be replicated in our non-pregnant sample. As shown in Table 3 , each of the subscales was adequately represented by unidimensional models. RMSEA values were slightly higher than the desired .08 cut-off, but this is not unexpected when sample size is small (N < 300), and can be ignored if other indices suggest good model fit [28] . Separating the feeling fat subscale into two separate factors (as per the pregnant cohort) yielded significant improvement in model fit (Δχ 2 = 7.068, p < .01).
Comparisons between pregnant and non-pregnant women are shown in Tables 4, 5 and 6. In each instance, configural invariance (common number of factors) was established and formed a suitable baseline against which to test the increasingly stringent invariance assumptions. Regardless of which time point non-pregnant women were compared against, substantial declines in model fit (as evidenced by ΔCFI values) were observed for each of the subscales once factor loadings were constrained to equality across groups, with the following exceptions: (1) the attractiveness subscale (comparison with T1 pregnancy data), (2) strength and fitness subscale (comparison with T1), and (3) feeling fat -clothing specific (comparison with T2 and T3 data).
Based on modification indices provided for the poorly fitting weak invariance models, several factor loadings were freed from equality constraints in order to see whether partial invariance could be achieved. Freeing of these factor loadings across groups led to model fit that was comparable to the configural invariance model (see revised models in Tables 4, 5, 6, and 7 for the full list of the items that were freed from equality constraints). These revised weak invariance models were then compared against the strong invariance models in which item intercepts were also constrained to equality, and revealed substantial loss in model fit. Inspection of modification indices revealed a non-uniform pattern of cross-group differences in item intercepts (see Additional file 1). Given the absence of a clear pattern of response bias, the decision was made to terminate measurement invariance tests at this step rather than freeing more model parameters.
Discussion
The present study addressed a significant gap in the women's body image literature by evaluating the functioning of a commonly used measure of body image, the Body Attitude Questionnaire, BAQ [19] , both across the phases of pregnancy and between pregnant and nonpregnant women. Collectively, our findings suggest that comparisons of body dissatisfaction between pregnant and non-pregnant women (at least based on the BAQ) are likely to be conflated by differential measurement biases that serve to undermine attempts to accurately assess potential differences in body dissatisfaction.
While adequate model fit was established for the subscales of BAQ when fit simultaneously for pregnant and non-pregnant women (i.e., configural invariance), subsequent cross-group equality constraints on factor loadings led in most instances to significant worsening of model fit and necessitated freeing the invariance assumption for several loadings in order to achieve acceptable fit. Poor fit for the subsequent, strong invariance model (with item intercepts set to equality across groups) revealed non-ignorable differences in the way pregnant and nonpregnant women responded to survey items. Measurement invariance tests were terminated at this step after inspection of modification indices revealed a nonuniform pattern of differences in item intercepts for the two groupsthat is, in some instances, pregnant women gave more extreme responses than non-pregnant women, while in other instances non-pregnant women gave more extreme responses. A similar pattern of results was found when comparing across phases of pregnancy: configural and weak invariance assumptions held, but equality constraints on item intercepts led to significant worsening of model. There are several possible explanations for noninvariance of item intercepts. Within the context of crossgroup analyses, item intercept differences may be reflective of different response styles across groups [19, 26] . That is, for the offending item(s), one group may have a greater tendency to provide extreme responses (higher or lower). While the present study is the first to demonstrate that body dissatisfaction measures do not function equivalently in pregnant populations, such findings are consistent with other research showing unanticipated differences in the way various populations respond to these measures. For instance, measurement non-invariance is often found across gender and culture, with males more likely than females to use extreme response profiles [29] , and for individuals in eastern cultures to provide more middle response options (due to modesty) than western counterparts [30] .
Within the context of within-subject designs (such as repeated assessment of pregnant women), it is more likely that non-invariant item intercepts reflect participants' recalibration of the response scale [17] . That is, despite having the same level of dissatisfaction at T1 and T2, an individual may give a rating of 'moderately agree' at T1, but a rating of 'slightly agree' at T2 because her/ his interpretation of what constitutes slight and moderate agreement change over time.
One common approach to deal with recalibrated response categories would be to collapse across blurred/ non-distinct categories. For instance, non-invariance issues may be resolved if a 7 point response scale (1 = strongly disagree, 2 = moderately disagree, 3 = slightly disagree, 4 = neither agree nor disagree, 5 = slightly agree, 6 = moderately agree, and 7 = strongly agree) is changed to a 5 point scale by collapsing the slightly and moderately categories at each end of the scale (i.e., 1 = strongly disagree, 2 = moderately disagree, 3 = neither agree nor disagree, 4 = moderately agree, and 5 = strongly agree). The suitability of this approach depends on whether there are obvious categories to collapse or remove, a consideration that can be made by a knowledge expert. Further research is needed to evaluate whether changing the response options improves or diminishes the psychometric properties of the BAQ. Differential response biases across groups can be dealt with by including covariates for response bias [31, 32] , provided the pattern of response bias is consistent across items. Unfortunately, this method could not be used for the present sample, as the pattern of item intercept noninvariance was complex, with no clear pattern of response bias.
Limitations
It is worth noting the limitations of the present study. First, our two groups (pregnant and non-pregnant women) differed on the key demographics of age, BMI, exercise habits, relationship status, number of children, and history of mental illness. Some of these differences may be anticipated given the nature of the two groups. For instance, it is not unreasonable to expect that more pregnant women would be married or in a long-term relationship, to be older, have larger BMI, and/or have more children than non-pregnant women. While it is desirablewhere possibleto match participants on these background variables, doing so would likely produce an atypical non-pregnant sample that does not represent the broader non-pregnant population.
Present findings also raise concerns about the dimensionality of the feeling fat subscale of the BAQ. Whereas the authors of this measure recommend a uni-dimensional model for these items, a two factor model was necessary to achieve acceptable model fit for the pregnant women in our sample. This two-factor model also produced significantly improved fit over the uni-dimensional model for our non-pregnant group. Therefore, some caution need be applied when interpreting invariance results for the feeling fat subcomponents as a two factor solution has not been previously reported in the literature. Despite replicating this twofactor solution across three stages of pregnancy, further examination of the dimensionality of the feeling fat items is warranted. 
Implications of present findings
These limitations notwithstanding, the present study shows the utility of measurement invariance tests for evaluating the suitability of a given self-report measure for cross-group and/or cross-temporal tests of group difference. Invariance tests revealed evidence of differential response styles for all subscales of the BAQ, and thus cast doubt on the accuracy of previous estimates of group differences (both between pregnant and nonpregnant women, and across the phases of pregnancy) which have relied on the BAQ [12, 13] .
In the absence of measurement invariance, researchers are unable to establish whether the level of body dissatisfaction experienced during pregnancy is commensurate with, or perhaps greater than, that reported pre-pregnancy. Nor are they able to determine whether peaks in an individual's body dissatisfaction throughout pregnancy represent natural, benign fluctuations or whether they are potentially indicative of future mental health issues, such as post-natal depression. As a consequence, the BAQ as presently constituted is unable to provide clinicians and health care providers with information necessary to effectively monitor the well-being of pregnant women, in terms of attitudes toward their bodies during this life phase.
It is clear there is a need for a body dissatisfaction measure which functions appropriately in pregnant populations [13] . When creating and testing a suitable pool of items, researchers should be attentive to the presence of potential response biases (such as extreme response tendencies or acquiescence) in order to reduce the risk of non-invariant item intercepts as found in the present study [32] . Quantitatively-based decisions about which items to retain may also be supplemented with qualitative interviews of pregnant women to determine how response options may be recalibrated across the phases of pregnancy. Until such a measure has been devised and validated, it is recommended that body image researchers test for measurement invariance in their samples as a precautionary measure before drawing conclusions about group differences in body dissatisfaction which involve comparisons against groups of pregnant women.
Conclusion
There is little doubt now that body image issues in obstetrics and gynecology impact negatively on women's health and well-being [11] . Yet, alarmingly, a recent survey revealed that less than one third of physicians assessed for body image concerns during routine gynecologic and obstetric care [33] . This is surprising for two reasons: (1) obstetricians and gynecologists often act as primary care physicians for women over the life cycle, and (2) body dissatisfaction is often associated with negative psychological functioning, such as depression, and maladaptive behaviours, such as unhealthy eating and extreme weight loss behaviours. Screening for body dissatisfaction, extreme weight loss behaviours and /or a history of eating disorders, during routine obstetric and gynecological visits, should be considered by the physicians and other allied-health professionals who care for pregnant women [11] . However, this is not possible at present because a specifically designed measure for pregnancy has yet to be developed. Given the non-uniform pattern of differences in item intercepts observed in the present study, it is unclear whether prior literature has under-or over-estimated the level of body dissatisfaction among pregnant women.
Development of a psychometrically valid body image measure for use in pregnant populations would therefore help determine the direction and extent to which earlier estimates of differences in body dissatisfaction between pregnant and non-pregnant women [11] , and also across the phases of pregnancy [12] [13] [14] [15] [16] were biased by measurement confounds identified in the present study, such as different response styles and potential recalibration of meaning of items across time points. Until this measurement issue has been resolved, available models and prescriptions regarding the fluidity and severity of body image concerns across pregnancy should be viewed with caution. Table 7 Items which were freed from cross-group loading constraints
Factor
Comparison groups
